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PRELIMINARY AMENDMENT 



Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Prior to the examination on the merits, please amend this application as follows: 



In the Specification: 

Page 1 before the first paragraph, has been amended to include the following insert: 
CLAIM FOR PRIORITY 

This application claims priority to International Application No. PCT/DE00/00005 which 
was published in the German language on January 3, 2000. 

Page 1 before the first paragraph, please delete the following: 
Description 

Page 1, between lines 4 and 5 has been amended to include the following heading: 
TECHNICAL FIELD OF THE INVENTION 

Paragraph beginning on line 6 of page 1 has been amended as follows: 

The invention relates to a method and a device for wireless data transmission, and in 

particular, to wireless data transmission where information about interference in a message 

transmission system is obtained in the receiver. 

Page 1, between lines 10 and 11 has been amended to include the following heading: 
BACKGROUND OF THE INVENTION 

Paragraph beginning on line 1 1 of page 1 has been amended as follows: 
In message or data transmission, it is desirable to obtain as uncorrupted a transmission of 
the user signals as possible, to suppress interference which exists at the same time and in the 
same frequency band in addition to the wanted signal, and thermal noise, as well as possible in 
the receivers. To be able to selectively take measures against interference, it is required to know 
as much as possible about the characteristics of the interference. Apart from the intensity of the 
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interference, such characteristics are, for example, its spectrum, its correlation properties and the 
directions of incidence of the interfering signals at the receiver. 

Paragraph beginning on line 24 of page 1 has been amended as follows: 
In many cases such as, for example, in permanently installed radio transmission links, 
potential interfering influences by other permanently installed transmitters, which do not emit 
any user signals from the point of view of the transmission link under consideration, are known. 
According to the prior art, such interfering influences can be suppressed by simple measures 
such as directional transmission and reception, a procedure normally used in microwave radio. In 
many cases, especially in the multi-subscriber systems of mobile communication, such 
information on the properties of the interference is not known. Accordingly, countermeasures 
adapted to the interference cannot be easily taken. Assuming interference-limited multi- 
subscriber systems in which, therefore, the interference is essentially caused by other users of 
one's own system, the time correlation of the interfering signals is equal to the time correlation 
of the wanted signals and is thus known as long as interfering signals which are incident from 
different directions are uncorrelated. Knowledge of the time correlation of the interfering signals 
can be utilized in the receiver for improving the transmission quality by decorrelating the 
interference. 

Paragraph beginning on line 9 of page 2 has been amended as follows: 
TD-CDMA as disclosed in A. Klein, P.W. Baier: Linear unibiased data estimation in 
mobile radio systems applying CDMA. IEEE Journal on Selected Areas in Communications, 
Vol. 11, 1993, p. 1058 to 1066, as an example for third-generation mobile radio systems, uses the 
hybrid FDM A/TDM A/CDMA (frequency/time/code division multiple access) method. The time 
correlation of the interfering signals can be taken into consideration in the data detection. An 
example in which no information about the correlation properties of the interference are utilized 
is the WCDMA (wideband CDMA) disclosed in F. Adachi, K. Ohno, A. Higashi, T. Dohi, Y. 
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Okumura: Coherent multicode DS-CDMA mobile radio access DS-CDMA mobile radio system, 
IEICE Transactions on Communications, Vol E79-B, No. 9, 1996, p, 1316 to 1324 and F. 
Adachi, M. Sawahashi: Wideband multi-rate DS-CDMA for next generation mobile 
communications systems. Proc. IEEE Wireless Communications Conference (WCC97), 
Boulder, 1997, p. 57 to 62, air interface concept which is also proposed for third-generation 
mobile radio systems and which is based on the hybrid FDMA/CDMA multiple access method. 

Paragraph beginning on line 20 of page 2 has been amended as follows: 
The disadvantageous factor in the transmission methods corresponding to the prior art, is 
that they do not obtain information on the received interference (or only to a very limited extent). 
Hence, they do not use such information to a desirable degree for improving the transmission 
quality. For example, no directional information at all is obtained with respect to the 
interference. If multiple-antenna receivers are used, directional patterns could be generated. For 
example, when using array antennas, which selectively have less gain for those directions from 
which strong interfering signals arrive at the receiver, the ratio between useful power and 
interference power at the receiver end is maximized. However, this would require knowledge of 
the directions of interference which cannot be obtained in the systems according to the prior art. 

Paragraph beginning on line 1 of page 3 has been amended as follows: 
The system described above of the time correlations of the interference, for example in 
the case of TD-CDMA, are not about obtaining information about the interference. Rather, using 
knowledge about the interference is questionable, especially in mobile communication, since the 
instantaneous characteristics of the interference can greatly deviate from those assumed due to 
the permanent changing in time of the spatial constellation of the mobile stations which, as a 
rule, is not predictable. 
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Paragraph beginning on line 12 of page 3 has been amended as follows: 
The prerequisite of uncorrelated interference signals arriving at the receiver from 
different directions, which has been addressed above, is also not generally met. If the signal of an 
interference source propagates toward the receiver along a number of paths with different delay, 
and/or if the interfering signals coming from one interference source have different directions of 
incidence at the location of the receiver, the aggregate interference signal produced by 
superposition of the interference signals at the receiving location have different time correlations 
than the individual interference signals. Thus, they also have different time correlations from 
those of the user signal which have been assumed. 

Page 3, between lines 25 and 26 has been amended to include the following heading: 
SUMMARY OF THE INVENTION 

In one embodiment of the invention, there is a method for the wireless data transmission 
using at least one transmitter and at least one receiver, the receiver having one or more receiving 
antenna. The method includes, for example, utilizing information on received interference 
signals to improve the quality of transmission of the data transmission, obtaining quantitative 
information about received user signals from the received signals of one of the antennas by using 
a first signal processing algorithm, and obtaining quantitative information about the received 
interference signals from the received signals of one of the antennas and the quantitative 
information obtained about the received user signals by using a second signal processing 
algorithm wherein the quantitative information about the received interference signals is used to 
generate a directional pattern at the transmitter. 

In one aspect of the invention, the first signal processing algorithm provides an estimate 
of the transmitted user data. 

In another aspect of the invention, the first signal processing algorithm provides an 
estimate of the characteristics of the radio channels operating between the transmitters and the 
receiver. 
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In still another aspect of the invention, the second signal processing algorithm includes 
algorithms to reconstruct the user signals received from the receiving antennas by the 
quantitative information obtained about the signals. 

In yet another aspect of the invention, the second signal processing algorithm includes a 
weighted or unweighted subtraction of the reconstructed received user signals from the total 
received signals. 

In another aspect of the invention, the second signal processing algorithm includes a 
forming of the spatial covariance matrix of the received interference signals. 

In yet another aspect of the invention, the second signal processing algorithm includes a 
forming of the temporal covariance functions of the received interference signals at each of the 
antennas. 

In still another aspect of the invention, the second signal processing algorithm includes a 
forming of the total covariance functions of the received interference signals. 

In another aspect of the invention, the second signal processing algorithm includes an 
estimating of the spatial, temporal and/or total covariance functions by finite temporal averaging 
over the received interference signals. 

In still another aspect of the invention, the second signal processing algorithm includes an 
estimating of the directions of incidence of the interference. 

In yet another aspect of the invention, the second signal processing algorithm includes an 
estimating of the power and/or the spectral shape of the interference. 

In another aspect of the invention, the first signal processing algorithm includes a 
forming of the spatial covariance matrix of the received user signals. 

In yet another aspect of the invention, the first signal processing algorithm is based on the 
principle of a single user detection in the case of data transmission. 

In another aspect of the invention, the first signal processing algorithm is based on a 
principle of multi-user detection in the case of data transmission. 



6 



Serial No. 09/889,518 
Docket No. 449122009400 



In still another aspect of the invention, the first signal processing algorithm is based on a 
principle of a rake receiver in the case of data transmission. 

In yet another aspect of the invention, the first signal processing algorithm includes 
forward error correction decoding at the receiver end during data transmission. 

In still another aspect of the invention, the first signal processing algorithm is based on a 
principle of the zero-forcing algorithm. 

In yet another aspect of the invention, the first signal processing algorithm is based on a 
principle of maximum-likelihood estimation or minimum mean square error estimation. 

In one embodiment of the invention, there is a system for wireless data transmission. The 
system includes, for example, a receiver having one or more receiving antennas utilizing 
information on received interference signals to improve the quality of transmission of the data 
transmission, wherein quantitative information is obtained about received user signals from the 
received signals of one of the antennas by using a first signal processing algorithm, and the 
quantitative information about the received interference signals is obtained from the received 
signals of one of the antennas and the quantitative information obtained about the received user 
signals by using a second signal processing algorithm wherein the quantitative information about 
the received interference signals is used for generating a directional pattern at the transmitter; 
and a transmitter to generate a directional pattern based on the quantitative information about the 
received interference signals. 

Page 3, between line 25 and line 26 has been amended to include the following: 
BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 illustrates an exemplary receiving system in the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 
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Paragraph beginning on line 26 or page 3 has been amended as follows: 
In one method of the invention, Ka receiving antennas are assumed. In this method, 
information on the user signal is first obtained from the received signals of the antennas. From 
the total received signals which contain both the user signal(s) and the interference signal(s), and 
the information, previously obtained about the user signal(s), information about the interference 
signal(s) can then be obtained. 

Paragraph beginning on line 1 of page 4 has been amended as follows: 
In one aspect of the invention, the information about the interference signals is obtained, 
for example, by an approximate reconstruction of the received user signals and by subsequent 
subtraction of the reconstructed user signals from the total of the received signals. This 
embodiment thus provides an estimate of the time functions n {ka) (t),ka ~\.Xa of the 
interference at the Ka receiving antennas. 

Paragraph beginning on line 8 of page 4 has been amended as follows: 
In another aspect of the invention, the estimates n (ka) (t) determined as above, the 
estimates 

li //W> (r) = E^ {l) {t\ (t + t)} Urn = 1 .JCa (1) 

of the temporal covariance functions of the interference signals effective at the antennas 
can be obtained. In addition, the normalized spatial covariance matrix 

'£fe (,) (f)-« W *(r)} E^ l) (t).n {Ka) *(/)}' 

. = j_ 4l (2) (f)-» w *(0} ^ (2) (o-» M *(4 

a 2 

K E\n {Ka) {t)-n {l) ♦(/)} E\n (Ka) (t).n {Ka) *(t% 

(2) 
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of dimension Ka x Ka can be determined for the Ka receiving antennas, taking into 
consideration the interference power a 2 , which can also be determined from the estimated 
interference signals. In the case of both the data transmission and digital signal processing at the 
receiving end, discrete-time samples are available as signals which can be subdivided into finite 
blocks due to their burst structure. If the subscriber signals are detected burst by burst, it is 
sufficient to determine information about the interference burst by burst. Accordingly, the 
interference signals at the individual antennas, 

estimated in accordance with the embodiments of the method according to one aspect of 
the invetion, can be represented as vectors 



where n / , i=l..WB, are the WB samples of the interference signal over one burst, since 
these interference signals are time-discrete and limited in time. The embodiment of the method 
according to one aspect thus leads to finite, discrete-time covariance functions. 

Paragraph beginning on line 9 of page 5 has been amended as follows: 
Instead of forming the expected value when determining the covariance functions, which 
requires infinite averaging over the estimated samples of the interference, the temporal averaging 
is preferably finite in real systems. It is performed over a previously defined number Z of bursts, 
In the case of a mobile radio system, Z depends on the rate of change of the constellation of 
mobile stations. If the constellation of mobile stations changes greatly from burst to burst, Z 
must be selected to be equal to one. If not, Z can be greater than 1. If the Z vectors according to 
(3) at the Ka antennas according to 




(3) 
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K t =\n { ,n2...nz) ,ka = l..Ka (4) 
are ordered into in each case WB x Z matrices, estimates 



Z 



(5) 



of the temporal covariance matrices can be formed in derivation of (1). The following 
then holds for the estimate of the total covariance matrices: 

Paragraph beginning on line 34 of page 6 has been amended as follows: 
An important advantage, which can be achieved with the method according to the 
invention, lies in 

that, instead of possibly faulty information about the interference to be expected, the 
information about the interference is obtained from the actual received signal and is thus 
continuously updated. A further advantage lies in the possibility of obtaining information both on 
the spatial correlation characteristics of the interference and on the temporal correlation 
characteristics of the interference. 

Paragraph beginning on line 5 of page 7 has been amended as follows: 
This information can be used either directly to suppress interference when estimating the 
user signals from the received signals. Alternatively, information about the directions of 
incidence of the interference at the receiver can be obtained from the information about the 
spatial correlation characteristics of the interference, depending on the signal processing 
algorithm. In the case of multi-antenna receivers, the information about the directions of 
incidence of the interference at the receiver or, respectively, about the spatial correlation 
characteristics of the interference can be used for generating directional patterns. The patterns, 
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of which selectively have less gain in those directions from which strong interference signals 
arrive at the receiver, cause the ratio between useful power and interference power at the receiver 
end to be maximized. 

Paragraph beginning on line 5 of page 7 has been amended as follows: 
The previous considerations relate to the receiver end. In duplex systems, each receiver is 
paired with a transmitter. If multi-antenna systems are used for receiving and transmitting, the 
information about the received interference (obtained in accordance with the method explained 
above) can be used for advantageously driving the antennas in the transmitting case. The basic 
idea of this is that sending one's own signals into the directions from which strong interference 
signals are incident tends to produce strong interference in other receivers. When a number of 
antennas is used, therefore, the knowledge of the main directions of interference at the receiver 
end can be generally used, independently of the transmission system considered, to radiate as 
little power of the transmitted signal as possible in the directions of the main interference source 
and thus to reduce interference seen throughout the system. 

Paragraph beginning on line 1 1 of page 8 has been amended as follows: 
The transmitted bursts include two data blocks and a midamble arranged between them 
which provides for the channel estimate at the receiver end. In the text which follows, the first 
data block of a burst will be considered in the description of the data detection. A corresponding 
observation would apply to the second data block. According to R. Schmalenberger, J. J. Blanz: 
Multi antenna C/I balancing in the downlink of digital cellular mobile radio systems. Proc. IEEE 
Vehicular Technology Conference (VTC97), Phoenix, 1997, p. 607 to 61 1, a system matrix A 
can be set up which includes both the K * Ka channel impulse responses of the K subscribers to 
the Ka receiving antennas and the type of signal generation at the transmitter end. Together with 
the total data vector d, which includes the data blocks of the K subscribers, and a total 
interference vector n, the total received-signal vector e 
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e - Ad + n 



(12) 



is obtained, e includes samples of the received signals at all Ka antennas which are based 
on the first data block of a transmitted burst. Firstly, a channel estimator 1 forms a channel 
estimate and a common detector 2 performs joint detection of the subscriber signals R. 
Schmalenberger, J.J. Blanz: Multi antenna C/I balancing in the downlink of digital cellular 
mobile radio systems. Proc. IEEE Vehicular Technology Conference (VTC'97), Phoenix, 1997, 
p. 607 to 61 1, by the generally disturbed received signals e. In TD-CDMA systems, algorithms 
which can include the knowledge of the entire covariance matrix according to (8) are used for the 
joint data estimate of subscribers. 

Paragraph beginning on line 1 of page 9 has been amended as follows: 
One example of such algorithms is the zero-forcing algorithm. In one- or multi-antenna 
receivers in systems according to the prior art, it is assumed that the temporal covariance matrix 
R t can be determined directly from the spectral shape of the transmitted signals. In the text which 
follows, this covariance matrix is designated by R t . This matrix R t is taken into consideration in 
the data detection, even though the actual temporal correlations of the interference signals at the 
receiving site may deviate from the assumed temporal correlations due to multi-path propagation 
of the interference from an interference source. 

Paragraph beginning on line 14 of page 9 has been amended as follows: 
In the case of multi-antenna receivers in systems according to the prior art, the spatial 
correlations of the interference are not taken into consideration in the detection of the data and/or 
in the channel estimate, i.e. the covariance matrix R s is replaced by the Ka x Ka unity matrix 
j(Ka) jim^ thej-e [ s n0 optimum data detection in the sense of the zero-forcing algorithm in 
systems according to the prior art. The method according to the invention can be used for 
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improving the data estimate and the channel estimate by prior estimating of the co variance 
matrix R n of the interference due to the estimating of the received interference at each antenna, 
as shown in figure 1. 

Paragraph beginning on line 14 of page 9 has been amended as follows: 
To estimate the interference, a conventional data detection is first performed for a number 
of received bursts, using the matrix 

R n =I {Ka) ®R t (13) 

for the covariance matrix R n according to (8), using the matrix R t . This provides an 
estimate 

d = \A R~»A\ A R^e (14) 

of the transmitted data which can be used for the approximate reconstruction of the received 
signal based on the user signals 

e d =A<d (15) 

by the system matrix A which includes the information about the estimated K * Ka 
channel impulse responses. The reconstruction e d is performed in a signal reconstructor 5. Units 
3 and 4 (FEC decoder and FEC coder) can be arranged between units 2 and 5. Unit 3 performs 
FEC decoding at the receiver end for the case in which FEC coding is taken into consideration in 
the signal processing at the transmitter end. In unit 4, a corresponding FEC coding of the 
estimated data takes place to obtain correct signal reconstruction. Subtracting the reconstructed 
received signal e d according to (15) from the actual received signal e according to (12) makes it 
possible to determine an estimate 
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for the total interference factor n according to (7). From the estimates of the interference 
signals at the individual antennas, which were thus obtained, both the spatial correlation 
characteristics of the interference, see (11), and the temporal correlation characteristics of the 
interference, see (5), and thus the covariance matrix R n of the interference according to (6) can 
be estimated in an estimating unit 6. 

Paragraph beginning on line 32 of page 10 has been amended as follows: 
Taking into consideration the estimated covariance matrix, the signals received at the 
individual antennas can be subjected both to an improved channel estimate, if such a one is 
required, and to an improved data estimate R n according to (13) being replaced by R n . 

Paragraph beginning on line 1 of page 1 1 has been amended as follows: 
The procedure described up to here can be iteratively continued. Assuming that the 
interference scenario, and thus also the correlation characteristics of the interference, do not or 
do not significantly change during the provided period of estimating the matrix and in the 
subsequent period which is provided for estimating new data, the estimated covariance matrix 
R n can be used for estimating new data in order to achieve an improvement in the data estimate. 

Please delete lines 1-22 on page 12. 

On page 13, line 1, please replace "Patent Claims" with - WHAT IS CLAIMED IS--. 
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In the Claims: 

1 . (Amended) A method for the wireless data transmission using at least one transmitter 
and at least one receiver, the receiver having one or more receiving antennas comprising: 

utilizing information on received interference signals to improve the quality of 
transmission of the data transmission; 

obtaining quantitative information about received user signals from the received signals 
of one of the antennas by using a first signal processing algorithm; and 

obtaining quantitative information about the received interference signals from the 
received signals of one of the antennas and the quantitative information obtained about the 
received user signals by using a second signal processing algorithm wherein the quantitative 
information about the received interference signals is used to generate a directional pattern at the 
transmitter. 

2. (Amended) The method as claimed in claim 1, wherein the first signal processing 
algorithm provides an estimate of the transmitted user data. 

3. (Amended) The method as claimed in claim 1 , wherein the first signal processing 
algorithm provides an estimate of the characteristics of the radio channels operating between the 
transmitters and the receiver. 

4. (Amended) The method as claimed in claim 1, wherein the second signal processing 
algorithm includes algorithms to reconstruct the user signals received from the receiving 
antennas by the quantitative information obtained about the signals. 

5. (Amended) The method as claimed in claim 1, wherein the second signal processing 
algorithm includes a weighted or unweighted subtraction of the reconstructed received user 
signals from the total received signals. 
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Please cancel claims 6 and 7. 

8. (Amended) The method as claimed in claim 1, wherein the second signal processing 
algorithm includes a forming of the spatial covariance matrix of the received interference signals. 

9. (Amended) The method as claimed in claim 1, wherein the second signal processing 
algorithm includes a forming of the temporal covariance functions of the received interference 
signals at each of the antennas. 

10. (Amended) The method as claimed in claim 1, wherein the second signal processing 
algorithm includes a forming of the total covariance functions of the received interference 
signals. 

11. (Amended) The method as claimed in claim 1, wherein the second signal processing 
algorithm includes an estimating of the spatial, temporal and/or total covariance functions by 
finite temporal averaging over the received interference signals. 

12. (Amended) The method as claimed in claim 1, wherein the second signal processing 
algorithm includes an estimating of the directions of incidence of the interference. 

13. (Amended) The method as claimed in claim 1, wherein the second signal processing 
algorithm includes an estimating of the power and/or the spectral shape of the interference. 

Please cancel claims 14 and 15, 
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16. (Amended) The method as claimed in claim 1, wherein the first signal processing 
algorithm includes a forming of the spatial covariance matrix of the received user signals. 

17. (Amended) The method as claimed in claim 1, wherein the first signal processing 
algorithm is based on the principle of a single user detection in the case of data transmission. 

18. (Amended) The method as claimed in claim 1, wherein the first signal processing 
algorithm is based on a principle of multi-user detection in the case of data transmission. 

19. (Amended) The method as claimed in claim 1, wherein the first signal processing 
algorithm is based on a principle of a rake receiver in the case of data transmission. 

20. (Amended) The method as claimed in claim 1, wherein the first signal processing 
algorithm includes forward error correction decoding at the receiver end during data 
transmission. 

21. (Amended) The method as claimed in claim 1, wherein the first signal processing 
algorithm is based on a principle of the zero-forcing algorithm. 

22. (Amended) The method as claimed in claim 1, wherein the first signal processing 
algorithm is based on a principle of maximum-likelihood estimation or minimum mean square 
error estimation. 

Please cancel claims 23-26. 
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27. (New) A system for wireless data transmission, comprising: 

a receiver having one or more receiving antennas utilizing information on received 
interference signals to improve the quality of transmission of the data transmission, wherein 

quantitative information is obtained about received user signals from the received signals 
of one of the antennas by using a first signal processing algorithm, and 

the quantitative information about the received interference signals is obtained from the 
received signals of one of the antennas and the quantitative information obtained about the 
received user signals by using a second signal processing algorithm wherein the quantitative 
information about the received interference signals is used for generating a directional pattern at 
the transmitter; and 

a transmitter to generate a directional pattern based on the quantitative information about 
the received interference signals. 

Please delete lines 1-9 on page 17. 

In the Abstract: 

Please replace the Abstract in its entirety with the Abstract attached hereto. 
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REMARKS 



The above amendments to the specification, claims and abstract have been made to place 
the application in proper U.S. format and to conform with proper grammatical and idiomatic 
English. None of the amendments herein are made for reasons related to patentability. No new 
matter has been added. 

Attached hereto is a marked-up version of the changes made to the specification and 
claims by the current amendment. The attached page is captioned " Version with markings to 
show changes made ". 

In the unlikely event that the transmittal letter is separated from this document and the 
Patent Office determines that an extension and/or other relief is required, applicant petitions for 
any required relief including extensions of time and authorizes the Commissioner to charge the 
cost of such petitions and/or other fees due in connection with the filing of this document to 
Deposit Account No, 03-1952 referencing docket no. 449122009400 . However, the 
Commissioner is not authorized to charge the cost of the issue fee to the Deposit Account. 



Dated: 



August 27, 2001 




Morrison & FoersterLLP 
2000 Pennsylvania Avenue, N.W. 
Washington, D.C. 20006-1888 
Telephone: (202) 887-6924 
Facsimile: (202) 263-8396 



19 



Serial No. 09/889,518 
Docket No. 449122009400 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 



For the convenience of the Examiner, the changes made are shown below with deleted 
text in strikethrough and added text in underline. 

In the Specification: 

Page 1 before the first paragraph, has been amended to include the following insert: 
CLAIM FOR PRIORITY 

This application claims priority to International Application No. PCT/DE00/00005 which 
was published in the German language on January 3, 2000. 

Page 1 before the first paragraph, please delete the following: 
Description 

Page 1, between lines 4 and 5 has been amended to include the following heading: 
TECHNICAL FIELD OP THE INVENTION 

Paragraph beginning on line 6 of page 1 has been amended as follows: 
The invention relates to a method and a device for wireless data transmissio n, and in 
particular, to wireless data transmission comprising one or more transmitters and at least on e 
receiver, where information about interference in a message transmission system is obtained in 
the receiver. 

Page 1, between lines 10 and 1 1 has been amended to include the following heading: 
BACKGROUND OF THE INVENTION 
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Paragraph beginning on line 1 1 of page 1 has been amended as follows: 
In message or data transmission, it is desirable to obtain as uncorrupted a transmission of 
the user signals as possible, to suppress interference^ which exists at the same time and in the 
same frequency band in addition to the wanted signal, and thermal noise, respectiv e ly, as well as 
possible in the receivers. To be able to selectively take measures against interference, it is 
required to know as much as possible about the characteristics of the interference. Apart from the 
intensity of the interference, such characteristics are, for example, afee its spectrum, its 
correlation properties and the directions of incidence of the interfering signals at the receiver. 

Paragraph beginning on line 24 of page 1 has been amended as follows: 
In many cases such as, for example, in permanently installed radio transmission links, 
potential interfering influences by other permanently installed transmitters^ which do not emit 
any user signals from the point of view of the transmission link under consideration, are known-a 
priori . According to the prior art, such interfering influences can be suppressed by simple 
measures such as directional transmission and reception^ a procedure normally used in 
microwave radio. In many cases, especially in the multi-subscriber systems of mobile 
communication, such information on the properties of the interference is not known a priori . 
Accordingly, countermeasures adapted to the interference cannot be easily taken. Assuming 
interference-limited multi-subscriber systems in which, therefore, the interference is essentially 
caused by other users of one's own system, the time correlation of the interfering signals is equal 
to the time correlation of the wanted signals and is thus known as long as interfering signals 
which are incident from different directions are uncorrected. Knowledge of the time correlation 
of the interfering signals can be utilized in the receiver for improving the transmission quality by 
decorrelating the interference. 
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Paragraph beginning on line 9 of page 2 has been amended as follows: 
TD-CDMA as disclosed in A. Klein, R W. Baier: Linear unibiased data estimation in 
mobile radio systems applying CDMA, IEEE Journal on Selected Areas in Communications, 
Vol 11, 1993, p. 1058 to 1066 , as an example for third-generation mobile radio systems, uses the 
hybrid FDMA/TDMA/CDMA (frequency/time/code division multiple access) method. The time 
correlation of the interfering signals can be taken into consideration in the data detection. An 
example in which no information about the correlation properties of the interference are utilized 
is the WCDMA (wideband CDMA) disclosed in F. Adachi, K. Ohno, A. Higashi, T. Dohi, 
Y. Okumura: Coherent multicode DS-CDMA mobile radio access DS-CDMA mobile radio 
system, IEICE Transactions on Communications, Vol. E79-B, No. 9, 1996, p. 1316 to 1324 and 
F. Adachi, M. Sawahashi: Wideband multi-rate DS-CDMA for next generation mobile 
communications systems. Proc. IEEE Wireless Communications Conference (WCC'97), 
Boulder, 1997, p. 57 to 62, air interface concept which is also proposed for third-generation 
mobile radio systems and which is based on the hybrid FDMA/CDMA multiple access method, 

Paragraph beginning on line 20 of page 2 has been amended as follows: 
The disadvantageous factor in the transmission methods corresponding to the prior art, is 
that they do not obtain information on the received interference^ {or only to a very limited 
extent}. , and thus Hence, they do not use such information to a desirable degree for improving 
the transmission quality. For example, no directional information at all is obtained with respect 
to the interference. If multiple-antenna receivers are used, directional patterns could be 
generated.v-fer For example,, when using array antennas, which selectively have less gain for 
those directions from which strong interfering signals arrive at the receiver^ so that the ratio 
between useful power and interference power at the receiver end is maximized. However, this 
would require knowledge of the directions of interference which cannot be obtained in the 
systems according to the prior art. 
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Paragraph beginning on line 1 of page 3 has been amended as follows: 
The considerations system described above of the time correlations of the interference, 
assumed to be known a priori , for example in the case of TD-CDMA, tee^ are not about 
obtaining information about the interference. Rather, using Using a priori knowledge about the 
interference is questionable, especially in mobile communication, since the instantaneous 
characteristics of the interference can greatly deviate from those assumed a priori due to the 
permanent changing in time of the spatial constellation of the mobile stations which, as a rule, is 
not predictable. 

Paragraph beginning on line 12 of page 3 has been amended as follows: 
The prerequisite of uncorrelated interference signals arriving at the receiver from 
different directions, which has been addressed above, is also not generally met. If the signal of an 
interference source propagates toward the receiver along a number of paths with different delay a 
and/or if the interfering signals coming from one interference source have different directions of 
incidence at the location of the receiver, the aggregate interference signal produced by 
superposition of the interference signals at the receiving location have different time correlations 
than the individual interference signals, and thus Thus, they also have different time correlations 
from than those of the user signal which have been assumed a priori . 

Page 3, between lines 25 and 26 has been amended to include the following heading: 
SUMMARY OF THE INVENTION 

In one embodiment of the invention, there is a method for the wireless data transmission 

using at least one transmitter and at least one receiver, the receiver having one or more receiving 

antenna. The method includes, for example, utilizing information on received interference 

signals to improve the quality of transmission of the data transmission, obtaining quantitative 

information about received user signals from the received signals of one of the antennas by using 

a first signal processing algorithm, and obtaining quantitative information about the received 

23 Serial No. 09/889,518 

Docket No. 449122009400 



interference signals from the received signals of one of the antennas and the quantitative 
information obtained about the received user signals by using a second signal processing 
algorithm wherein the quantitative information about the received interference signals is used to 
generate a directional pattern at the transmitter. 

In one aspect of the invention, the first signal processing algorithm provides an estimate 
of the transmitted user data. 

In another aspect of the invention, the first signal processing algorithm provides an 
estimate of the characteristics of the radio channels operating between the transmitters and the 
receiver. 

In still another aspect of the invention, the second signal processing algorithm includes 
0 algorithms to reconstruct the user signals received from the receiving antennas by the 
§3 quantitative information obtained about the signals. 

m ■ 

y3 In vet another aspect of the invention, the second signal processing algorithm includes a 

yi 

fa weighted or unweighted subtraction of the reconstructed received user signals from the total 
received signals. 

fi . 

5 In another aspect of the invention, the second signal processing algorithm includes a 

Vi forming of the spatial covariance matrix of the received interference signals, 

W In vet another aspect of the invention, the second signal processing algorithm includes a 

forming of the temporal covariance functions of the received interference signals at each of the 

antennas. 

In still another aspect of the invention, the second signal processing algorithm includes a 
forming of the total covariance functions of the received interference signals. 

In another aspect of the invention, the second signal processing algorithm includes an 
estimating of the spatial, temporal and/or total covariance functions by finite temporal averaging 
over the received interference signals. 

In still another aspect of the invention, the second signal processing algorithm includes an 
estimating of the directions of incidence of the interference. 
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In vet another aspect of the invention, the second signal processing algorithm includes an 
estimating of the power and/or the spectral shape of the interference. 

In another aspect of the invention, the first signal processing algorithm includes a 
forming of the spatial covariance matrix of the received user signals. 

In yet another aspect of the invention, the first signal processing algorithm is based on the 
principle of a single user detection in the case of data transmission. 

In another aspect of the invention, the first signal processing algorithm is based on a 
principle of multi-user detection in the case of data transmission. 

In still another aspect of the invention, the first signal processing algorithm is based on a 
principle of a rake receiver in the case of data transmission. 
O In yet another aspect of the invention, the first signal processing algorithm includes 

03 forward error correction decoding at the receiver end during data transmission. 

It. ■ 

%§■ In still another aspect of the invention, the first signal processing algorithm is based on a 

y principle of the zero-forcing algorithm. 

J- In yet another aspect of the invention, the first signal processing algorithm is based on a 

3 

im principle of maximum-likelihood estimation or minimum mean square error estimation, 

!jf In one embodiment of the invention, there is a system for wireless data transmission. The 

|M system includes, for example, a receiver having one or more receiving antennas utilizing 

information on received interference signals to improve the quality of transmission of the data 
transmission, wherein quantitative information is obtained about received user signals from the 
received signals of one of the antennas by using a first signal processing algorithm, and the 
quantitative information about the received interference signals is obtained from the received 
signals of one of the antennas and the quantitative information obtained about the received user 
signals by using a second signal processing algorithm wherein the quantitative information about 
the received interference signals is used for generating a directional pattern at the transmitter; 
and a transmitter to generate a directional pattern based on the quantitative information about the 
received interference signals. 
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Page 3, between line 25 and line 26 has been amended to include the following: 
BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 illustrates an exemplary receiving system in the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 

Paragraph beginning on line 26 or page 3 has been amended as follows: 
The problem of procuring information on the characteristics is solved by th e method 
according to the invention in the manner shown in claim L In one method of the invention, 
where Ka receiving antennas are assumed. In this method, information on the user signal is first 
obtained from the received signals of the antennas in a first step . From the total received signals 
which contain both the user signal(s) and the interference signal(s), and the information, 
previously obtained in the first step, about the user signal(s), information about the interference 
signal(s) can then be obtained in a second st e p . 

Paragraph beginning on line 1 of page 4 has been amended as follows: 
According to th e embodim e nt of the method according to the inv e ntion as claim e d in 
subclaims 2, 4 and 5, In one aspect of the invention, the information about the interference 
signals is obtained, for example, by an approximate reconstruction of the received user signals 
and by subsequent subtraction of the reconstructed user signals from the total of the received 
signals. This embodiment thus provides an estimate of the time functions n (ka) (t),ka = l..Ka of 
the interference at the Ka receiving antennas. 
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Paragraph beginning on line 8 of page 4 has been amended as follows: 

Further advantageous embodiments of the method according to the invention ar e 

described in subclaims 8, 9 and 10. Using In another aspect of the invention, the estimates 

n (ka \t) determined as above, the estimates 

£%) = Efe%)'(t + *)} Um = l.Xa (1) 

of the temporal covariance functions of the interference signals effective at the antennas 
can be obtained. In addition, the normalized spatial covariance matrix 

~ s a 2 

,4 W W-S 0) *(0} E\n {Ka) (tYn {Ka) *(t% 

(2) 

of dimension Ka x Ka can be determined for the Ka receiving antennas, taking into 
consideration the interference power o 2 , which can also be determined from the estimated 
interference signals. In the case of both the data transmission and digital signal processing at the 
receiving end, discrete-time samples are available as signals which can be subdivided into finite 
blocks due to their burst structure. If the subscriber signals are detected burst by burst, it is 
sufficient to determine information about the interference burst by burst. Accordingly, the 
interference signals at the individual antennas, 

estimated in accordance with the embodiments of the method according to one aspect of 
the invetion, the invention according to subclaims 2, 4 and 5, can be represented as vectors 

= (w p w 2 ...n WB ) T ,ka = l ..Ka (3) 
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where «. , M..WB, are the WB samples of the interference signal over one burst, since 
these interference signals are time-discrete and limited in time. The embodiment of the method 
according to the invention according to subclaims 8, 9 and 10 one aspect thus leads to finite, 
discrete-time covariance functions. 

Paragraph beginning on line 9 of page 5 has been amended as follows: 
Instead of forming the expected value when determining the covariance functions, which 
requires infinite averaging over the estimated samples of the interference, the temporal averaging 
must be is preferably finite in real systems. It is performed over a previously defined number Z 
of bursts. In the case of a mobile radio system, Z depends on the rate of change of the 
constellation of mobile stations. If the constellation of mobile stations changes greatly from burst 
to burst, Z must be selected to be equal to one. If not, Z can be greater than 1 . If the Z vectors 
according to (3) at the Ka antennas according to 



of the temporal covariance matrices can be formed in derivation of (1). The following 
then holds for the estimate of the total covariance matrices: 

Paragraph beginning on line 34 of page 6 has been amended as follows: 
An important advantage, which can be achieved with the method according to the 
invention, lies in 




(4) 



are ordered into in each case WB x Z matrices, estimates 



a (l.m) 1 - (/) - (j 
di« g ±Lt ±-Lt 



l 9 m -\..Ka 



(5) 
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that, instead of possibly faulty a priori information about the interference to be expected, 
the information about the interference is obtained from the actual received signal and is thus 
continuously updated. A further advantage lies in the possibility of obtaining information both on 
the spatial correlation characteristics of the interference and on the temporal correlation 
characteristics of the interference. 

Paragraph beginning on line 5 of page 7 has been amended as follows: 
This information can be used either directly to suppress interference when estimating the 
user signals from the received signals.j-er Alternatively, information about the directions of 
incidence of the interference at the receiver can be obtained from the information about the 
spatial correlation characteristics of the interference, depending on the signal processing 
algorithm. In the case of multi-antenna receivers, the information about the directions of 
incidence of the interference at the receiver or, respectively, about the spatial correlation 
characteristics of the interference can be used for generating directional patterns . The patterns, 
of which selectively have less gain in those directions from which strong interference signals 
arrive at the receive r, cause so that the ratio between useful power and interference power at the 
receiver end to be is maximized. 

Paragraph beginning on line 5 of page 7 has been amended as follows: 
The previous considerations relate to the receiver end. In duplex systems, each receiver is 
paired with a transmitter. If multi-antenna systems are used for receiving and transmitting, the 
information about the received interference} (obtained in accordance with the method explained 
above}} can be used for advantageously driving the antennas in the transmitting case. The basic 
idea of this is that sending one's own signals into the directions from which strong interference 
signals are incident tends to produce strong interference in other receivers. When a number of 
antennas is used, therefore, the knowledge of the main directions of interference at the receiver 
end can be generally used, independently of the transmission system considered, to radiate as 
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little power of the transmitted signal as possible in the directions of the main interference source 
and thus to reduce interference seen throughout the system. 

Paragraph beginning on line 1 1 of page 8 has been amended as follows: 
The transmitted bursts consist of include two data blocks and a midamble arranged 
between them which provides for the channel estimate at the receiver end. In the text which 
follows, only the first data block of a burst will be considered in the description of the data 
detection. A corresponding observation would apply to the second data block. According to R. 
Schmalenberger, J J. Blanz: Multi antenna C/I balancing in the downlink of digital cellular 
mobile radio systems. Proc. IEEE Vehicular Technology Conference (VTC97\ Phoenix, 1997, 
p. 607 to 611, a system matrix A can be set up which includes both the K * Ka channel impulse 
responses of the K subscribers to the Ka receiving antennas and the type of signal generation at 
the transmitter end. Together with the total data vector d, which contains includes the data blocks 
of the K subscribers, and a total interference vector n, the total received-signal vector e 

e=Ad + E (12) 

is obtained, e contains all includes samples of the received signals at all Ka antennas 
which are based on the first data block of a transmitted burst. Firstly, a channel estimator 1 forms 
a channel estimate in a first step and a common detector 2 performs joint detection of the 
subscriber signals R. Schmalenberger, JJ. Blanz: Multi antenna C/I balancing in the downlink of 
digital cellular mobile radio systems. Proc. IEEE Vehicular Technology Conference (VTC'97), 
Phoenix, 1997, p. 607 to 611, by means of the generally disturbed received signals e. In TD- 
CDMA systems, algorithms which can include the knowledge of the entire covariance matrix 
according to (8) are used for the joint data estimate of aH subscribers. 
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Paragraph beginning on line 1 of page 9 has been amended as follows: 
One example of such algorithms is the zero-forcing algorithm. In one- or multi-antenna 
receivers in systems according to the prior art, it is assumed that the temporal covariance matrix 
R t can be determined directly from the spectral shape of the transmitted signals. In the text which 
follows, this covariance matrix is designated by R t . This matrix R t is taken into consideration in 
the data detection^ even though the actual temporal correlations of the interference signals at the 
receiving site may deviate from the assumed temporal correlations due to multi-path propagation 
of the interference from an interference source. 

Paragraph beginning on line 14 of page 9 has been amended as follows: 
In the case of multi-antenna receivers in systems according to the prior art, the spatial 
correlations of the interference are not taken into consideration in the detection of the data and/or 
in the channel estimate, i.e. the covariance matrix R s is replaced by the Ka x Ka unity matrix 
j(Ka) jYms 2 there is no optimum data detection in the sense of the zero-forcing algorithm in 
systems according to the prior art. The method according to the invention can be used for 
improving the data estimate and the channel estimate by prior estimating of the covariance 
matrix Rn of the interference due to the estimating of the received interference at each antenna, 
as shown in see figure 1 . 

Paragraph beginning on line 14 of page 9 has been amended as follows: 
To estimate the interference, a conventional data detection is first performed for a mere 
or less large number of received bursts, using the matrix 

R n =I {Ka) ®R t (13) 

for the covariance matrix R n according to (8), using the matrix R t , This provides an 
estimate 
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d = \A R; l A\ A R~»e 



(14) 



of the transmitted data which can be used for the approximate reconstruction of the received 
signal based on the user signals 

e d =A-d (15) 

by means of the system matrix A which includes the information about the estimated K * 
Ka channel impulse responses. The reconstruction e d is performed in a signal reconstructor 5. 
Units 3 and 4 (FEC decoder and FEC coder) can be arranged between units 2 and 5. Unit 3 
performs FEC decoding at the receiver end for the case in which FEC coding is taken into 
consideration in the signal processing at the transmitter end. In unit 4, a corresponding FEC 
coding of the estimated data mu s t then taken takes place to obtain correct signal reconstruction. 
Subtracting the reconstructed received signal e d according to (15) from the actual received 
signal e according to (12) makes it possible to determine an estimate 

n^e-e d (16) 

for the total interference factor n according to (7). From the estimates of the interference 
signals at the individual antennas, which were thus obtained, both the spatial correlation 
characteristics of the interference, see (1 1), and the temporal correlation characteristics of the 
interference, see (5), and thus the covariance matrix R n of the interference according to (6) can 
be estimated in an estimating unit 6. 

Paragraph beginning on line 32 of page 10 has been amended as follows: 
Taking into consideration the estimated covariance matrix, the signals received at the 
individual antennas can be subjected both to an improved channel estimate, if such a one is 
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required, and to an improved data estimate , in a second step, R n according to (13) being replaced 

by L- 

Paragraph beginning on line 1 of page 1 1 has been amended as follows: 
The procedure described up to here can be iteratively continued. Assuming that the 
interference scenario, and thus also the correlation characteristics of the interference, do not or 
do not significantly change during the provided period of estimating the matrix and in the 
subsequent period which is provided for estimating new data, the estimated covariance matrix 
R n can be used for estimating new data in order to achieve an improvement in the data estimate 
already in the first step . 

Paragraph beginning on line 1 of page 12 has been amended as follows: 
References 

fi^ A. Klein, P.W. Baier: Linear unibiased data estimation in mobile radio systems applying 

CDMA, IEEE Journal on Selected Areas in Communications, Vol 11, 1993, p. 1058 to 1066 

£3] F. Adachi, K. Ohno, A. Higashi, T« Dohi, Y. Okumura: Coherent multicodc DS CDMA 

mobile radio access DS CDMA mobile radio system, IEICE Transactions on Communications, 
Vol. E79 B, No. 9, 1996, p. 1316 to 132 4 

F. Adachi, M. Sawahashi: Wideband multi - rate DS CDMA for next generation mobile 

communications systems, Proc. IEEE Wireless Communications Conference (WCC'97), 
Boulder, 1997, p, 57 to 62 
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[4] R. Schmalenberger, J J, Blanz: Multi antenna C/I balancing in the downlink of digital 

cellular mobile radio syst e ms. Proc. IEEE Vehicular Technology Conference (VTC'97), 
Phoenix, 1997, p, 607 to 611 

On page 13, line 1, please replace "Patent Claims" with -WHAT IS CLAIMED IS--. 



In the Claims: 

1 . (Amended) A method for the wireless data transmission using at least one or more 
transmitters and at least one receiver, the receiver having one or more receiving antennas 
comprising: in which 

the receiver uses one or more receiving antennas, 

03 utilizing information on received interference signals is utilized for improving to 

tfl improve the quality of transmission of the data transmission^ 

in a first step, obtaining quantitative information about received user signals is 

63 

s obtained from the received signals of one of the individual antennas by using a first signal 

Is a! 

m processing algorithms ?; and 

vj and in a second step, obtaining quantitative information about the received 

interference signals is obtained from the received signals of one of the antennas or the individual 
antennas and the quantitative information obtained about the received user signals by using a 
second signal processing algorithms wherein the quantitative information about the received 
interference signals is used to generate a directional pattern at the transmitter . 

2, (Amended) The method as claimed in claim 1, characterized in that wherein the first 
signal processing algorithms provides for an estimate of the transmitted user data. 
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3. (Amended) The method as claimed in claim 1, characterized in that wherein the first 
signal processing algorithms provides fer an estimate of the characteristics of the radio channels 
operating between the transmitters and the receiver. 

4. (Amended) The method as claimed in claim 1, wherein one of the preceding claims, 
characterized in that the second signal processing algorithms includes contain algorithms to 
reconstructing the user signals received from th e receiving antenna/ the receiving antennas by 
means of the quantitative information obtained about these signals. 

5. (Amended) The method as claimed in claim 1 , wherein or 3, characterized in that the 
second signal processing algorithms includes contain a weighted or unweighted subtraction of 
the reconstructed received user signals from the total received signals. 

Please cancel claims 6 and 7. 

8. (Amended) The method as claimed in claim 1, wherein one of the preceding claim s , 
characterized in that the second signal processing algorithms includes contain the a forming of 
the spatial co variance matrix of the received interference signals. 

9. (Amended) The method as claimed in claim 1, wherein one of the preceding claims, 
characterized in that the second signal processing algorithms includes contain the a forming of 
the temporal covariance functions of the received interference signals at each of the individual 
antennas. 

10. (Amended) The method as claimed in claim 1, wherein one of the preceding claims, 

characterized in that the second signal processing algorithms includes contain the a forming of 

the total covariance functions of the received interference signals. 
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1 1 . (Amended) The method as claimed in claim L wherein one of the pr e ceding claims, 
characteriz e d in that the second signal processing algorithms includes contain the an estimating 
of the spatial, temporal and/or total covariance functions by finite temporal averaging over the 
received interference signals. 

12. (Amended) The method as claimed in claim 1, wherein one of th e preceding claims, 
characterized in that the second signal processing algorithms includes contain the an estimating 
of the directions of incidence of the interference. 



13. (Amended) The method as claimed in claim L wherein one of the preceding claims, 
03 characterized in that the second signal processing algorithms includes contain the an estimating 
of the power and/or the spectral shape of the interference. 
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Please cancel claims 14 and 15. 

16. (Amended) The method as claimed in claim L wherein one of th e preceding claims, 
characterized in that the first signal processing algorithms includes contain a the forming of the 
spatial covariance matrix of the received user signals. 



17. (Amended) The method as claimed in claim L wherein one of the preceding claims, 
characterized in that the first signal processing algorithms-«e is based on the principle of a single 
user detection in the case of data transmission. 

1 8. (Amended) The method as claimed in claim 1 , wherein one of the preceding claims, 
charact e rized in that the first signal processing algorithms-a*e is based on a the principle of 
multi-user detection in the case of data transmission. 

36 Serial No. 09/889,518 

Docket No. 449122009400 



19. (Amended) The method as claimed in claim L wherein one of the preceding claims, 
characterized in that the first signal processing algorithms-«e is based on the a principle of the a 
rake receiver in the case of data transmission. 

20. (Amended) The method as claimed in claim 1, wherein one of the preceding claims, 
characterized in that the first signal processing algorithms includes FEC (forward error 
correction) forward error correction decoding at the receiver end in the case of during data 
transmission. 

21. (Amended) The method as claimed in claim 1, wherein one of the preceding claims, 
characterized in that the first signal processing algorithms is are based on a the principle of the 
zero- forcing algorithm. 

22. (Amended) The method as claimed in claim 1, wherein one of the prec e ding claims, 
characterized in that the first signal processing algorithms a*e is based on the a principle of 
maximum-likelihood estimation or MMSB (m inimum mean square error) estimation. 

Please cancel claims 23-26. 

27. (New) A system for wireless data transmission, comprising: 

a receiver having one or more receiving antennas utilizing information on received 
interference signals to improve the quality of transmission of the data transmission, wherein 

quantitative information is obtained about received user signals from the received signals 
of one of the antennas by using a first signal processing algorithm, and 

the quantitative information about the received interference signals is obtained from the 
received signals of one of the antennas and the quantitative information obtained about the 
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received user signals by using a second signal processing algorithm wherein the quantitative 
information about the received interference signals is used for generating a directional pattern at 
the transmitter; and 

a transmitter to generate a directional pattern based on the quantitative information about 
the received interference signals. 

In the Abstract: 

Please replace the Abstract in its entirety with the Abstract attached hereto. 
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Key to figure 
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METHOD FOR OBTAINING INFORMATION ABOUT INTERFERENCE IN 
THE RECEIVER OF A MESSAGE TRANSMISSION SYSTEM 

Abstract 

A system and device for wireless data transmission where information about interference 
a message transmission system is obtained in a receiver. 
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Description 

Method for obtaining information about interference in 
the receiver of a message transmission system 

5 

The invention relates to a method and a device 
for wireless data transmission comprising one or more 
transmitters and at least one receiver, where 
information about interference in a message 

10 transmission system is obtained in the receiver. 

In message or data transmission, it is 
desirable to obtain as uncorrupted a transmission of 
the user signals as possible, to suppress interference, 
which exists at the same time and in the same frequency 

15 band in addition to the wanted signal, and thermal 
noise, respectively, as well as possible in the 
receivers. To be able to selectively take measures 
against interference, it is required to know as much as v 
possible about the characteristics of the interference. 

20 Apart from the intensity of the interference, such 
characteristics are, for example, also its spectrum, 
its correlation properties and the directions of 
incidence of the interfering signals at the receiver. 

In many cases such as, for example, in 

25 permanently installed radio transmission links, 
potential interfering influences by other permanently 
installed transmitters which do not emit any user 
signals from the point of view of the transmission link 
under consideration, are known a priori. According to 

3 0 the prior art, such interfering influences can be 
suppressed by simple measures such as directional 
transmission and reception; a procedure normally used 
in microwave radio. In many cases, especially in the 
multi- subscriber systems of mobile communication, such 

35 information on the properties of the interference is 
not known a priori . Accordingly, countermeasures 
adapted to the interference cannot be easily taken. 
Assuming interference - 1 imi t ed mul t i - subscriber systems 
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in which, therefore, the interference is essentially 
caused by other users of 
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one's own system, the time correlation of the 
interfering signals is equal to the time correlation of 
the wanted signals and is thus known as long as 
interfering signals which are incident from different 
5 directions are uncorrelated. Knowledge of the time 
correlation of the interfering signals can be utilized 
in the receiver for improving the transmission quality 
by decorrelating the interference. 

TD-CDMA [1] , as an example for third-generation 
10 mobile radio systems, uses the hybrid FDMA/TDMA/CDMA 
(frequency/time/code division multiple access) method. 
The time correlation of the interfering signals can be 
taken into consideration in the data detection. An 
Q example in which no information about the correlation 

21 15 properties of the interference are utilized is the 
|| WCDMA (wideband CDMA) [2, 3] air interface concept 

^5 which is also proposed for third-generation mobile 

jjv radio systems and which is based on the hybrid 

II FDMA/CDMA multiple access method. 

£ v 20 The disadvantageous factor in the transmission 

y| methods corresponding to the prior art is that they do 

N not obtain information on the received interference, or 

N ■ 

£3 only to a very limited extent, and thus do not use such 

H information to a desirable degree for improving the 

2 5 transmission quality. For example, no directional 

information at all is obtained with respect to the 
interference. If multiple-antenna receivers are used, 
directional patterns could be generated, for example 
when using array antennas, which selectively have less 

3 0 gain for those directions from which strong interfering 

signals arrive at the receiver so that the ratio 
between useful power and interference power at the 
receiver end is maximized. However, this would require 
knowledge of the directions of interference which 
35 cannot be obtained in the systems according to the 
prior art . 
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The considerations described above of the time 
correlations of the interference, assumed to be known a 
priori, for example in the case of TD-CDMA, too, are 
not about obtaining information about the interference. 
5 Using a priori knowledge about the interference is 
questionable, especially in mobile communication, since 
the instantaneous characteristics of the interference 
can greatly deviate from those assumed a priori due to 
the permanent changing in time of the spatial 
10 constellation of the mobile stations which, as a rule, 
is not predictable. 

The prerequisite of uncorrelated interference 
signals arriving at the receiver from different 
Q directions, which has been addressed above, is also not 

15 generally met. If the signal of an interference source 
m propagates toward the receiver along a number of paths 

€1 with different delay and/or if the interfering signals 

y\ coming from one interference source have different 

03 directions of incidence at the location of the 

% 2 0 receiver, the aggregate interference signal produced by 
gi superposition of the interference signals at the 

14 receiving location have different time correlations 

m than the individual interference signals and thus also 

H different time correlations than those of the user 

25 signal which have been assumed a priori. 

The problem of procuring information on the 
characteristics is solved by the method according to 
the invention in the manner shown in claim 1, where Ka 
receiving antennas are assumed. In this method, 
3 0 information on the user signal is first obtained from 
the received signals of the antennas in a first step. 
From the total received signals which contain both the 
user signal (s) and the interference signal (s) , and the 
information, obtained in the first step, about the user 
35 signal (s), information about the interference signal (s) 
can then be obtained in a second step. 
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According to the embodiment of the method 
according to the invention as claimed in subclaims 2, 4 
and 5, the information about the 



dc-270651 



WO 00/44111 



- 5 - 



PCT/DE00/00005 



10 



interference signals is obtained, for example , by an 
approximate reconstruction of the received user signals 
and by subsequent subtraction of the reconstructed user 
signals from the total of the received signals. This 
embodiment thus provides an estimate of the time 
functions n m (t) 9 ka = l..Ka of the interference at the Ka 

receiving antennas . 

Further advantageous embodiments of the method 
according to the invention are described in 
subclaims 8, 9 and 10. Using the estimates n {ka \t) 
determined as above, the estimates 



(1) 



m 

, 

s Iks 
x i i 



15 of the temporal covariance functions of the 

interference signals effective at the antennas can be 

obtained. In addition, the normalized spatial 
covariance matrix 



03 



20 



—s 2 



^fe (2) (*).» (1) *(0} 



^ w (0-fi (&) *(0}^ 



(2) 



of dimension Ka x Ka can be determined for the Ka 
receiving antennas, taking into consideration the 
interference power a 2 , which can also be determined 

25 from the estimated interference signals. In the case of 
both the data transmission and digital signal 
processing at the receiving end, discrete -time samples 
are available as signals which can be subdivided into 
finite blocks due to their burst structure. If the 

3 0 subscriber signals are detected burst by burst, it is 
sufficient to determine information about the 
interference burst by burst. Accordingly, the 
interference signals at the individual antennas, 
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estimated in accordance with the embodiments of the 
method according to the invention according to 
subclaims 2, 4 and 5, can be represented as vectors 
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(3) 



where h . , i=l..WB, are the WB samples of the 
interference signal over one burst, since these 
interference signals are time-discrete and limited in 
time. The embodiment of the method according to the 
invention according to subclaims 8, 9 and 10 thus leads 
to finite, discrete- time covariance functions. 

Instead of forming the expected value when 
determining the covariance functions, which requires 
infinite averaging over the estimated samples of the 
interference, the temporal averaging must be finite in 
real systems. It is performed over a previously defined 
number Z of bursts. In the case of a mobile radio 
system, Z depends on the rate of change of the 
constellation of mobile stations. If the constellation 
of mobile stations changes greatly from burst to burst, 
Z must be selected to be equal to one. If not, Z can be 
greater than 1. If the Z vectors according to (3) at 
the Ka antennas according to 



(4) 



are ordered into in each case WB x Z matrices, 
estimates 



Aim) 1 *(/) *(*>7- 

Rn * 



l,m = \..Ka 



(5) 



of the temporal covariance matrices can be formed in 
derivation of (1) . The following then holds for the 
estimate of the total covariance matrices: 



( ~(U) -(1,2) 

Rn Rn 

-(2,1) a(2.2) 

Rn tin 



\Rn Rn 



(UKa) ^ 
n 



Rn J 



(6) 



dc-270651 



WO 00/44111 - 6 - PCT/DE00/00005 

The actual interference vectors ' 
ka=l..Ka, at the Ka antennas can be correlated with the 
estimated interference vectors n^\t) , ka=l..Ka, 
according to (3) and combined in a total interference 
vector 

The actual total covariance matrix of the interference 
is as obtained as 

R n =E\nn T ) (8) 

Assuming uncorrelated interference signals 
arriving at the receiving site from various directions, 
the actual total covariance matrix R n according to (8) 
can be split into a spatial covariance matrix R s and a 
temporal covariance matrix R n which is equal for all 
received signals at the Ka receiving antennas, so that 
the following holds true: 

R»=R,®R t . (9) 



If it is only intended to obtain an estimate R s 
of the spatial covariance matrix, the Ka x Z WB matrix 
is used as a basis 



N = 



(10) 

AKa)T ~(Ka)T 4Ka)T 



and the required estimate R s is determined according to 



R s =— N s -N s (11) 

ZWB 
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that, instead of possibly faulty a priori information 
about the interference to be expected, the information 
about the interference is obtained from the actual 
received signal and is thus continuously updated. A 
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An important advantage, which can be achieved 
with the method according to the invention, lies in 
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further advantage lies in the possibility of obtaining 
information both on the spatial correlation 
characteristics of the interference and on the temporal 
correlation characteristics of the interference. 
5 This information can be used either directly to 

suppress interference when estimating the user signals 
from the received signals, or information about the 
directions of incidence of the interference at the 
receiver can be obtained from the information about the 
10 spatial correlation characteristics of the 
interference, depending on the signal processing 
algorithm. In the case of multi-antenna receivers, the 
information about the directions of incidence of the 
|3 interference at the receiver or, respectively, about 

?! 15 the spatial correlation characteristics of the 
fg interference can be used for generating directional 

patterns which selectively have less gain in those 
|V directions from which strong interference signals 

OJ arrive at the receiver so that the ratio between useful 

2 0 power and interference power at the receiver end is 
S3 maximized. 

The previous considerations relate to the 
S receiver end. In duplex systems, each receiver is 

W paired with a transmitter. If multi -antenna systems are 

25 used for receiving and transmitting, the information 
about the received interference, obtained in accordance 
with the method explained above, can be used for 
advantageously driving the antennas in the transmitting 
case. The basic idea of this is that sending one's own 

3 0 signals into the directions from which strong 

interference signals are incident tends to produce 
strong interference in other receivers. When a number 
of antennas is used, therefore, the knowledge of the 
main directions of interference at the receiver end can 
35 be generally used, independently of the transmission 
system considered, to radiate as little power of the 
transmitted signal as possible in the directions of the 
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As an exemplary embodiment, one possible 
implementation of the method according to the invention 
for obtaining information with respect to the 
interference is presented with reference to the 
discrete -time model 
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main interference source and thus to reduce 
interference seen throughout the system. 
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of the uplink of a TD-CDMA mobile radio system in the 
text which follows. Moreover, it is shown here how the 
information obtained can be used for improving the 
quality of transmission. Use in other transmission 
5 systems is also included in the scope of the invention. 

The corresponding receiving system is shown in 
figure 1. It is assumed that K mobile subscribers are 
simultaneously transmitting in the same frequency band 
and time slot and the subscriber signals are separated 
10 by subscriber-specific CDMA codes. 

The transmitted bursts consist of two data 
blocks and a midamble arranged between them which 
provides for the channel estimate at the receiver end. 
In the text which follows, only the first data block of 
15 a burst will be considered in the description of the 
data detection. A corresponding observation would apply 
*J3 to the second data block. According to [4] , a system 

matrix A can be set up which includes both the K * Ka 
channel impulse responses of the K subscribers to the 
2 0 Ka receiving antennas and the type of signal generation 
at the transmitter end. Together with the total data 
vector d, which contains the data blocks of the K 
subscribers, and a total interference vector n, the 
total received-signal vector e 



i i"S. 



25 



e=Ad + n (12) 



is obtained, e contains all samples of the received 
signals at all Ka antennas which are based on the first 

3 0 data block of a transmitted burst. Firstly, a channel 
estimator 1 forms a channel estimate in a first step 
and a common detector 2 performs joint detection of the 
subscriber signals [4] by means of the generally 
disturbed received signals e. In TD-CDMA systems, 

35 algorithms which can include the knowledge of the 
entire covariance matrix according to (8) are used for 
the joint data estimate of all subscribers. 
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One example of such algorithms is the zero- 
forcing algorithm. In one- or multi-antenna receivers 
in systems according to the prior art, it is assumed 
that the temporal covariance matrix R t can be 
5 determined directly from the spectral shape of the 
transmitted signals. In the text which follows, this 
covariance matrix is designated by R t . This matrix R t is 
taken into consideration in the data detection even 
though the actual temporal correlations of the 

10 interference signals at the receiving site may deviate 
from the assumed temporal correlations due to multi- 
path propagation of the interference from an 
interference source. 

In the case of multi-antenna receivers in 

15 systems according to the prior art, the spatial 
correlations of the interference are not taken into 
consideration in the detection of the data and/or in 
the channel estimate, i.e. the covariance matrix R s is 
replaced by the Ka x Ka unity matrix I (Ka) . Thus there 

2 0 is no optimum data detection in the sense of the zero- 
forcing algorithm in systems according to the prior 
art. The method according to the invention can be used 
for improving the data estimate and the channel 
estimate by prior estimating of the covariance matrix 

25 R n of the interference due to the estimating of the 
received interference at each antenna, see figure 1. 

To estimate the interference, a conventional 
data detection is first performed for a more or less 
large number of received bursts, using the matrix 



30 



35 



R„=I^®R t (13) 



for the covariance matrix R n according to (8) , using 
the matrix R t . This provides an estimate 

d = \A R*A\ A R»e (14) 
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of the transmitted data which can be used for the 
approximate reconstruction of the received signal based 
on the user signals 



5 i d =A-d < 15) 

by means of the system matrix A which includes the 

information about the estimated K * Ka channel impulse 
responses. The reconstruction e d is performed in a 

10 signal reconstructor 5. Units 3 and 4 (FEC decoder and 
FEC coder) can be arranged between units 2 and 5. Unit 
3 performs FEC decoding at the receiver end for the 
case in which FEC coding is taken into consideration in 
C? the signal processing at the transmitter end. In unit 

11 15 4, a corresponding FEC coding of the estimated data 
gl must then taken place to obtain correct signal 

reconstruction. Subtracting the reconstructed received 
2^ signal e d according to (15) from the actual received 

03 signal e according to (12) makes it possible to 

r ;i 2 0 determine an estimate 

fS2 

(16) 

for the total interference factor n according to (7) . 
25 From the estimates of the interference signals at the 
individual antennas, which were thus obtained, both the 
spatial correlation characteristics of the 
interference, see (11) , and the temporal correlation 
characteristics of the interference, see (5) , and thus 
3 0 the covariance matrix R n of the interference according 
to (6) can be estimated in an estimating unit 6. 

Taking into consideration the estimated 
covariance matrix, the signals received at the 
individual antennas can be subjected both to an 
35 improved channel estimate, if such a one is required, 
and to an improved data estimate, in a second step, R n 
according to (13) being replaced by R n . 
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The procedure described up to here can be 
iteratively continued. Assuming that the interference 
scenario, and thus also the correlation characteristics 
of the interference, do not or not significantly change 
during the provided period of estimating the matrix and 
in the subsequent period which is provided for 
estimating new data, the estimated covariance matrix R n 
can be used for estimating new data in order to achieve 
an improvement in the data estimate already in the 
first step. 
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Patent claims 

1. A method for the wireless data transmission 
using one or more transmitters and at least one 
receiver, in which 

the receiver uses one or more receiving antennas, 
information on received interference signals is 
utilized for improving the quality of transmission 
of the data transmission, 

in a first step, quantitative information about 
received user signals is obtained from the 
received signals of the individual antennas by 
using first signal processing algorithms, 
and in a second step, quantitative information 
about the received interference signals is 
obtained from the received signals of the antenna 
or the individual antennas and the quantitative 
information obtained about the received user 
signals by using second signal processing 
algorithms, 

characterized in that the quantitative information 
about the received interference signals is used for 
generating a directional pattern at the transmitter 
end. 

2. The method as claimed in claim 1, characterized 
in that the first signal processing algorithms provide 
for an estimate of the transmitted user data. 

3. The method as claimed in claim 1, characterized 
in that the first signal processing algorithms provide 
for an estimate of the characteristics of the radio 
channels operating between the transmitters and the 
receiver . 

4 . The method as claimed in one of the preceding 
claims, characterized in that 
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the second signal processing algorithms contain 
algorithms for reconstructing the user signals received 
from the receiving antenna/the receiving antennas by 
means of the quantitative information obtained about 
5 these signals. 

5. The method as claimed in claim 1 or 3, 
characterized in that the second signal processing 
algorithms contained a weighted or unweighted 
subtraction of the reconstructed received user signals 

10 from the total received signals. 

6 . The method as claimed in one of the preceding 
claims, characterized in that the second signal 
processing algorithms contain the forming of the 
spatial covariance matrix of the received interference 

15 signals . 

7 . The method as claimed in one of the preceding 
claims, characterized in that the second signal 
processing algorithms contain the forming of the 
temporal covariance functions of the received 

20 interference signals at the individual antennas. 

8 . The method as claimed in one of the preceding 
claims, characterized in that the second signal 
processing algorithms contain the forming of the total 
covariance functions of the received interference 

25 signals. 

9. The method as claimed in one of the preceding 
claims, characterized in that the second signal 
processing algorithms contain the estimating of the 
spatial, temporal and/or total covariance functions by 

3 0 finite temporal averaging over the received 
interference signals . 

10. The method as claimed in one of the preceding 
claims , 
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characterized in that the second signal processing 
algorithms contain the estimating of the directions of 
incidence of the interference. 

11. The method as claimed in one of the preceding 
claims, characterized in that the second signal 
processing algorithms contain the estimating of the 
power and/or the spectral shape of the interference. 

12 . The method as claimed in one of the preceding 
claims, characterized in that the first signal 
processing algorithms contain the forming of the 
spatial covariance matrix of the received user signals. 

13 . The method as claimed in one of the preceding 
claims, characterized in that the first signal 
processing algorithms are based on the principle of 
single user detection in the case of data transmission. 

14 . The method as claimed in one of the preceding 
claims, characterized in that the first signal 
processing algorithms are based on the principle of 
mult i -user detection in the case of data transmission. 

15. The method as claimed in one of the preceding 
claims, characterized in that the first signal 
processing algorithms are based on the principle of the 
rake receiver in the case of data transmission. 

16. The method as claimed in one of the preceding 
claims, characterized in that the first signal 
processing algorithms include FEC (forward error 
correction) decoding at the receiver end in the case of 
dat a t ransmi s s ion . 
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17. The method as claimed in one of the preceding 
claims, characterized in that the first signal 
processing algorithms are based on the principle of the 
zero-forcing algorithm. 

18. The method as claimed in one of the preceding 
claims, characterized in that the first signal 
processing algorithms are based on the principle of 
maximum- likelihood estimation or MMSE (minimum mean 
square error) estimation. 

19. An arrangement for carrying out the method as 
claimed in claim 1. 
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Key to figure 

1 Channel estimator 

2 Common detector for the subscriber signals 

3 FEC decoder 

4 FEC coder 

5 Signal reconstructor 

6 Estimator for R n 
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Miterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird far die Erfindung mit dem Titel: 

Verfahren zum Gewinnen von 
Informationen ueber Stoerunaen im 

Emofaenaer eines 

Nachrichtenuebertraaunassvstems 



deren Beschreibung 

(zutreffendes ankreuzen) 
□ hier beigefQgt ist. 
Egl am 03.01.2000 als 
PCT Internationale Anmeldung 

PCT Anmeldungsnummer PCT/DE00/00005 

eingereicht wurde und am 

abgeandert wurde (fails tatsachlich abgeandert). 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die far die Prufung der voriiegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 
an. 



Ich beanspruche hiermit auslandische Prioritatsvorteile 
gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 aller unten ange- 
gebenen Auslandsanmeldungen fur ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fur die Prioritat beansprucht wird. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



Method for obtaining information 
regarding interference in the receiver of a 
message transmission system 



the specification of which 

(check one) 

□ is attached hereto. 

03 was filed on 03.01.2000 as 

PCT international application 

PCT Application No. PCT/DE00/00005 

and was amended on 

(if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, 
§1. 56(a). 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below and have 
also identified below any foreign application for patent 
or inventor's certificate having a filing date before that 
of the application on which priority is claimed: 
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Prior foreign appplications 
Prioritat beansprucht 



19901877,4 DE 
(Number) (Country) 
;Nummer) (Land) 



German Language Declaration 



Priority Claimed 



(Number) 
Nummer) 



(Number) 
(Nummer) 



(Country) 
(Land) 



(Country) 
(Land) 



19.01.1999 

(Day Month Year Filed) 

(Tag Monat Jahr eingereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 



Yes 
Ja 



□ 

Yes 

Ja 



□ 

Yes 

Ja 



□ 
No 
Nein 



□ 
No 
Nein 



□ 
No 
Nein 



Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmel- 
dungen und falls der Gegenstand aus jedem Anspruch 
dieser Anmeldung nicht in einer fruheren 
amerikanischen Patentanmeldung iaut dem ersten 
Paragraphen des Absatzes 35 der ZivilprozeSordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist t 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der frOheren Anmeldung und dem nationalen oder PCT 
internationalen Anmeldedatum dieser Anmeldung 
bekannt geworden sind. 



I hereby claim the benefit under Title 35. United States 
Code. §120 of any United States application(s) listed 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code : 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, §1. 56(a) which occured between the filing 
date of the prior application and the national or PCT 
international filing date of this application. 



PCT/DE00/00005 
(Application Serial No.) 
(An meldeserien n u mmer) 



03.01.2000 



(Application Serial No.) 
(An meldeserien nummer) 



(Filing Date D, M, Y) 
(Anmeldedatum T, M, J) 



(Filing Date D,M,Y) 
(Anmeldedatum T, M; J) 



anhangig 

(Status) 

(patentiert, anhangig, 
aufgegeben) 



(Status) 

(patentiert, anhangig, 
aufgeben) 



pending 

(Status) 

(patented, pending, 
abandoned) 



(Status) 

(patented, pending, 
abandoned) 



Ich erkiare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrhert 
entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis bestraft werden koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 
darauf erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made 
on information and belief are believed to be true, and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may 
jeopardize the validity of the application or any patent 
issued thereon. 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten 
Patentanwalt (oder die nachstehend benannten 
Patentanwalte) und/oder Patent-Agenten mit der 
Verfolgung der vorliegenden Patentanmeldung sowie 
mit der Abwicklung aller damit verbundenen Geschafte 
vor dem Patent- und Warenzeichenamt: (Name und 
Registrationsnummer anfuhren) 



Customer 



POWER OF ATTORNEY: As a named inventor, I 
hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith. (list name and registration 
number) 



And I hereby appoint 




Telefongesprache bitte richten an: 
(Name und Telefonnummer) 



Direct Telephone Calls to: (name and telephone 
number) 



Ext. 



Postanschrift: Send Correspondence to: 

Morrison and Foerster LLP 
2000 Pennsylvania Ave., NW 20006-1888 Washington, DC 
Telephone: (001) 202 887 1500 and Facsimile (001) 202 887 0763 

or 

Customer No, 25227 



Voller Name des einzigen oder ursprunglichen Erfinders: 

Prof. PAUL WALTER RAIFR _ 


Full name of sole or first inventor: 

Prof. PAUL WALTER BAIER 


Unterschrift des Erfinders Datum 

oMfy &*M> 4zj f OA 


Inventor's signature 


Date 


Wohnsitz 

KAISERSLAUTERN, DEUTSCHLAND 


Residence 

KAISERSLAlilERN, GERMANY 


DE 


Citizenship 

DE 


Postanschrift 

BURGUNDER STR. 6 


Post Office Addess 

BURGUNDER STR. 6 


67661 KAISERSLAUTERN 


67661 KAISERSLAUTERN 


Voller Name des zweiten Miterfinders (falls zutreffend): 

DrJVIARTIN HAARDT 


Full name of second joint inventor, if any: 

Dr. MARTIN HAARDT 




Secondln^eritor's signature 


Date 

n/zo/oi 


Wohnsitz 

MUENCHEN, DEUTSCHLAND 


Residence 

.MUENCHEN. GERMANY 




Staatsang eh brigkeit 

DE 


Citizenship 

DE 


Postanschrift 

WENGLEINSTR. 3 


Post Office Address 

WENGLEINSTR. 3 


81477 MUENCHEN 


81477 MUENCHEN 



Falfe von dritten und weiteren Miterfindern angeben). 



subsequent joint inventors). 
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Voller Name des dritten Miterfinders: 

MARTIN WECKERLE 


Full name of third joint inventor: 
IVIArx 1 UN VvtL/l\tKLt 


UnterschrjfiLdes Erfindefns Datum 

/ £46 b f Ah § J f l f nA 


Inventor's signature s\ Date 
/■ /Jr* La //Iff O i <~> J ^ s 


Wohnsitz *A v , a/ 

A/eu shelter 
KAIOlROLAUTCRM deutschland 


l/Aiocpoi A 1 ITPPM rrnMA M x/ 


DE 


Citizenship y\ <— » ^ 

DE 


Postanschnf. J<a^ I 3 

ALBERT SCHWEITZCR^STR.GO 


Post Office Address ft^S^. 3 

ALDLRT-SCHWCITZER STR.60 


0705D KAIOEROLAUTCRN 


67655 KAISCROLAUTCRN - 


Voller Name des vierten Miterfinders: 


Full name of fourth joint inventor: 


Unterschrtft des Erfinders Datum 


Inventor's signature Date 


Wohnsitz 
1 


Residence 




Citizenship 


Postanschrift 


Post Office Address 








Full name of fifth joint inventor- 




Inventor's signature Date 


Wohnsitz 
1 


Residence 
1 




Citizenship 




Post Office Address 








Full name of sixth joint inventor: 




Inventor's signature Date 


j 


Residence 
j 




Citizenship 




Post Office Address 







Fafle von dritten und weiteren Miterfindern angeben). 



subsequent joint inventors). 
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